(seventh edition) for intrahepatic cholangiocarcinoma (ICC), tumor size was excluded, and periductal invasion was added as a new tumor classificationdefining factor. The objective of the current report was to propose a new staging system for ICC that would be better for stratifying the survival of patients based on data from the nationwide Liver Cancer Study Group of Japan database. METHODS: Of 756 patients who underwent surgical resection for ICC between 2000 and 2005, multivariate analyses of the clinicopathologic factors of 419 patients who had complete data sets were performed to elucidate relevant factors for inclusion in a new tumor classification and staging system. RESULTS: Overall survival data were best stratified using a cutoff value of 2 cm using a minimal P value approach to discriminate patient survival. The 5-year survival rate of 15 patients who had ICC measuring 2 cm in greatest dimension without lymph node metastasis or vascular invasion was 100%, and this cohort was defined as T1. Multivariate analysis of prognostic factors for 267 patients with lymph node-negative and metastasis-negative (N0M0) disease indicated that the number of tumors, the presence arterial invasion, and the presence major biliary invasion were independent and significant prognostic factors. The proposed new system, which included tumor number, tumor size, arterial invasion, and major biliary invasion for tumor classification, provided good stratification of overall patient survival according to disease stage. Macroscopic periductal invasion was associated with major biliary invasion and an inferior prognosis. CONCLUSIONS: The proposed new staging system, which includes a tumor cutoff size of 2 cm and major biliary invasion, may be useful for assigning patients to surgery. Cancer 2016;122:61-70.
INTRODUCTION
Intrahepatic cholangiocarcinoma (ICC) is the second most common primary liver tumor after hepatocellular carcinoma (HCC). It is estimated that approximately 5% to 15% of primary liver cancers are ICCs, 1 although recent studies have reported that the incidence of ICC has doubled to 2.1 per 100,000 person-years in the United States over the past few decades. [2] [3] [4] Nevertheless, because of its rarity compared with HCC, clinical studies based on a large number of case series in ICC are limited, [5] [6] [7] and clinicopathologic features relevant for adequate tumor staging remain to be identified. Although it has been demonstrated that combined systemic chemotherapy improves the survival of patients with biliary cancer, including ICC, compared with best supportive care, 8 achieving a cure relies on surgical resection. Therefore, an adequate staging system is essential to identify patients who would benefit from surgical resection.
An ICC staging system independent of HCC was first published in 1997 by the Liver Cancer Study Group of Japan (LCSGJ) based on the HCC staging system, in which a tumor cutoff size of 2 cm, the number of tumors, and the presence of vascular/serosal invasion were used to determine tumor (T)-classification. 9 Another attempt was made to produce an optimal ICC staging system with the Tclassification defined by tumor number and vascular invasion, excluding tumor size, on the basis of results from a multivariate analysis of prognosis in 60 surgical patients with mass-forming ICC. 10 In the American Joint Committee on Cancer/International Union Against Cancer (AJCC/ UICC) staging system, ICC was traditionally staged with HCC under the category of primary liver cancer; ie, Tclassification was determined by tumor number, vascular invasion, a tumor cutoff size of 5 cm, and invasion to adjacent organs. In the AJCC seventh edition, 11 however, an original classification for ICC was developed based on data from the US Surveillance, Epidemiology, and End Results (SEER) program. 5 In that seventh edition, a tumor cutoff size of 5 cm was excluded, and periductal invasion was newly added as a factor for determining T-classification. A multicenter study analyzing the survival of 522 patients with ICC in France confirmed the acceptable performance of the current version of tumor, lymph node, metastases (TNM) classification for ICC. 12 Although international guidelines supported the seventh edition of the AJCC/ UICC staging system, 13 the limitations of this system were pointed out; in particular, issues classifying T4 disease or multiple tumors were highlighted. In addition, the pathologic definition of periductal invasion was not defined in the World Health Organization classification. 1 The objective of the current study was to clarify the prognostic significance of the pathologic features of ICC and to propose a new staging system for ICC based on the large, nationwide LCSGJ database.
MATERIALS AND METHODS
With the cooperation of 795 institutions in Japan, patients with primary liver cancer are registered every 2 years and are followed prospectively in a nationwide survey conducted by the LCSGJ. ICC was diagnosed at each institution on the basis of imaging studies, clinical data, and/or histologic analyses. Among the 62,424 patients with liver cancer newly registered in the survey between 2000 and 2005, 2279 patients (3.7%) had a clinical diagnosis of ICC. In total, 1216 patients underwent surgical resection, resulting in a 53.3% resection rate. Of these, the prognosis was pursued in 1145 patients. The macroscopic findings in those 1145 patients included 1) mass-forming (MF)-dominant ICC, including the MF type (n 5 632); 2) the periductal infiltrating (PI) type (n 5 96); 3) the intraductal growth (IG) type (n 5 45); 4) the MF 1 PI type (n 5 204); 5) the PI 1 IG type (n 5 6); 6) the MF 1 IG type (n 5 22); and 7) other types (n 5 140). Of the 836 patients who had the MF or MF 1 PI type, histologic confirmation of cholangiocarcinoma was confirmed in 756 patients, excluding 20 patients with HCC, 7 patients with cystadenocarcinoma, 15 patients with combined HCC-ICC, 1 patient with hepatoblastoma, 5 patients with other diseases, and 32 patients without histologic confirmation (Fig. 1) .
Among the 756 patients who had histologically confirmed ICC, clinicopathologic data were evaluated, and 419 patients (55%) were extracted, excluding 337 patients who had incomplete information on essential clinicopathologic factors, such as tumor number (n 5 33), tumor size (n 5 30), portal vein invasion (n 5 79), hepatic vein invasion (n 5 83), arterial invasion (n 5 155), serosal invasion (n 5 88), biliary invasion (n 5 116), lymph node metastasis (n 5 111), and/or distant metastasis (n 5 27). This selection was undertaken to purify the data with a view toward establishing a reliable staging system.
The definition of each pathologic factor was established based on the General Rules for the Clinical and Pathological Study of Primary Liver Cancer. 9 Tumor size and number were determined based on the results of pathologic examinations. The impact of portal vein invasion (vp), hepatic vein invasion, arterial invasion, serosal invasion, and biliary invasion was evaluated according to the microscopic grades of each factor (ie, vp0 vs vp1-vp4, vp0-vp1 vs vp0-vp2 vs vp3-vp4) based on the LCSGJ classification system. 9 Biliary invasion was defined as ranging from b0 to b4. Major biliary invasion was defined as b3 or b4, whereas b1 or b2 indicated minor biliary invasion. Peritoneal dissemination was included in distant metastasis. Periductal invasion was characterized by macroscopic findings of diffuse tumor infiltration along the long axis of the portal tract involving the bile duct, blood vessels, and connective tissues. 9 Three hundred ten of the 419 patients (74%) underwent lymph node dissection, and lymph node metastasis was diagnosed using the resected lymph nodes.
With regard to the impact of tumor size on survival, the difference in survival for patients in each category of tumor size was evaluated using various cutoff values ranging from 1 to 7 cm in greatest dimension not only in the full cohort of 419 patients but also in 267 patients who had N0M0 disease. The correlation between the macroscopic appearance of the tumor (MF type vs MF 1 PI type) and the grade of biliary invasion (b0-b4) also was examined. Univariate and multivariate analyses of survival were performed for all of the valid clinicopathologic factors.
Design of a New Staging System
Upon a review of results from these retrospective analyses, a new staging system was developed based on the following criteria: 1) TNM style should be maintained, 2) the new system should be as simple as possible, 3) each factor for determining T-classification preferably should be estimated based on preoperative imaging studies, 4) the survival curves determined by T-classification should be well stratified in N0M0 patients, 5) the survival curves determined by disease stage should be well stratified in all patients analyzed, 6) the distribution of patient proportions in each Tclassification and stage should be well balanced, and 7) stage IVB disease should be carefully determined because it implies that there is no indication for surgery.
Survival Curves According to Stage and Validation Analysis of the Counterpart Cohort
The overall survival of the 267 patients with N0M0 disease was stratified by T-classification according to the preexisting staging systems, including the fourth and fifth editions of the LCSGJ system, the system published by Okabayashi et al, 10 the sixth and seventh editions of the AJCC/UICC TNM classification, 11 and the current new system. The overall survival of all 419 patients was stratified by stage using the same preexisting staging systems.
A validation analysis was performed using the newly developed staging system on the remaining 337 patients among the 756 patients who had histopathologically confirmed ICC. Differences in survival curves were evaluated according to T-classification and disease stage.
Statistical Analysis
Correlations between categorical variables were tested using chi-square analysis, and continuous data were analyzed using the Mann-Whitney U test. Survival curves for overall survival were generated using the Kaplan-Meier method and were compared using the log-rank test. To identify risk factors for death, multivariate regression analysis was performed with the Cox proportional hazards model using a backward elimination procedure. Probability (P) values < .05 were considered statistically significant. Data were analyzed using the SPSS version 19.0 software program (version 19.0; IBM Corp, Armonk, NY).
RESULTS

Tumor Size
The best tumor cutoff size was determined by using a minimum P value approach for the entire cohort of 419 patients and for the cohort of 267 patients with N0M0 disease. When sliding the cutoff value of tumor size from 1 cm to 7 cm, minimum P values were obtained at 2.1 cm for both the full 419-patient cohort and the 267-patient N0M0 cohort. The conventional cutoff value of 5 cm did Figure 2 . This chart illustrates the optimal cutoff value of tumor size for predicting the survival of all 419 patients and of the 267 patients who had lymph node-negative/metastasisnegative (N0M0) disease.
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Characteristics of Tumors 2 cm
Twenty-seven of 419 patients (6.4%) had tumors measuring 2 cm in greatest dimension. Although none of those 27 patients had distant metastasis, 7 of them (25.9%) had lymph node metastasis, 9 had portal vein invasion, and 12 had biliary invasion. Excluding the 7 patients who had lymph node metastasis, there was biliary invasion in 7 patients (35%), portal vein invasion in 5 patients (25%), hepatic vein invasion in 1 patient (5%), serosal invasion in 1 patient (5%), and arterial invasion in none of the remaining 20 patients. The 5-year survival rate of the 15 patients without portal vein invasion was 100%, which was significantly better than that of the 5 patients with portal vein invasion (2-year survival rate, 60%; P 5 .01).
Macroscopic Findings of the MF or MF 1 PI Type
All 419 patients were diagnosed with either MF type (n 5 315) or MF 1 PI type (n 5 104) ICC according to macroscopic findings in the specimen. Having similar sizes and numbers of tumors, the MF 1 PI type of ICC was more frequently associated with portal vein invasion, biliary invasion, or lymph node metastasis compared with the MF type ( Table 1 ). The overall survival of patients who had the MF 1 PI type was significantly worse than that of patients who had the MF type (median survival time [MST], 43.5 vs 17.6 months; P < .001). A very high rate of biliary invasion was noted in both the MF type (45.4%) and the MF 1 PI type (80.8%; P < .001). The degree of biliary invasion was more advanced in patients who had the MF 1 PI type than in those who had the MF type, with a significantly higher rate of major biliary invasion (b3 or b4; 36.5% vs 11.7%, respectively; P < .001).
Univariate and Multivariate Analyses of Prognostic Factors in the Entire Cohort
Univariate analysis of the entire 419-patient cohort revealed that tumor size, tumor number, portal vein invasion, hepatic vein invasion, arterial invasion, serosal invasion, major biliary invasion, lymph node metastasis, and distant metastasis were significant prognostic factors for survival (Table  2) . Although not all types of biliary invasion were associated with worse survival, major biliary invasion was significantly associated with worse survival among all 419 patients. Multivariate analysis revealed that tumor number, lymph node metastasis, and distant metastasis were independent prognostic factors.
Univariate and Multivariate Analyses of Prognostic Factors in the N0M0 Cohort
To elucidate the impact solely of T-classification on patient survival, data on the 267 patients with N0M0 disease were analyzed. Univariate and multivariate analyses of the 267 N0M0 patients revealed that tumor number, arterial invasion, and major biliary invasion were significant independent factors for survival (Table 3) . Major biliary invasion, but not all types of biliary invasion, was associated with worse survival (P 5 .007) (Fig. 3) ; whereas portal vein invasion, hepatic vein invasion, or serosal invasion were not significantly associated with survival, as evidenced by testing various cutoff values for each category. Abbreviations: b0, no biliary invasion; b1, invasion of the third-order or more peripheral branch of the bile duct; b2, invasion of the second-order branch of the bile duct; b3, invasion of the first-order branch of the bile duct; b4, invasion of the common hepatic duct; MF 1 PI type, massforming plus periductal-infiltrating type; MF type, mass-forming type. a This P value indicates a statistically significant difference.
A New Staging System for ICC of the Predominantly MF Type
On the basis of the results obtained from analysis of LCSGJ data described above, a new T-classification was developed that included tumor size with a cutoff value of 2 cm, tumor number, portal vein invasion, and major biliary invasion. The style of the staging system followed the current Japanese staging system for ICC 11 ; ie, T-classification comprised the following factors: 1) tumor size (2 cm vs > 2 cm), 2) tumor number (solitary vs multiple), and 3) vascular invasion or major biliary invasion (Table 4) . Vascular invasion was represented by the presence of either portal vein invasion or arterial invasion. On the basis of the above categories, no significant difference in survival was observed between 106 patients who had T1-T3N1M0 disease and 27 patients who had T4N0M0 disease (MST, 16.6 vs 22.5 months; P 5 .95). No significant difference in survival was observed between 38 patients who had T4N1M0 disease and 7 patients who had M1 disease (MST, 13.4 vs 4.2 months; P 5 .57). Therefore, patients with T1-T3N1M0 and T4N0M0 disease were grouped into stage IVA, whereas those with T4N1M0 and M1 disease were grouped into stage IVB (MST, 17.8 vs 12.3 months; P < .001).
Comparison With the Stratification of Overall Survival by Preexisting Staging Systems
Overall survival curves for the 267-patient N0M0 cohort were well stratified by T-classification using the newly proposed system (Fig. 3) . In the seventh edition of the AJCC classification, patients who had T2b tumors had worse survival than those who had T3 tumors (P 5 .001) and T4 tumors (P 5 .053), suggesting worse survival for patients who had multiple ICCs (T2b) compared with those who had perforation (T3) or periductal invasion (T4).
Overall survival curves for the entire 419-patient cohort were well stratified by disease stage using the new staging system (Fig. 4) . The seventh edition of the AJCC system did not discriminate well between stages I, II, and III; however, the new staging system did discriminate well 
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Cancer January 1, 2016 between stages I, II, and III, although the difference was marginal between stages I and II (P 5 .09). The fifth edition of the LCSGJ system did not discriminate well between stages IVA and IVB (P 5 .12); however, the new staging system did discriminate well between stages IVA and IVB (P < .001), indicating that stage IVB in the fifth edition of the LCSGJ system can be divided into 2 groups, T1-T3N1M0 (stage IVA in the new staging system) and T4N1M0 or M1 (stage IVB in the new staging system).
In the validation analysis, T-classification could be identified for 198 of 337 patients (58.8%), and disease stage was available for only 134 patients (39.7%) because of a lack of clinicopathologic data. Survival curves according to T-classification were well discriminated, whereas the survival curves for each stage were not well stratified because of the small number of patients (Fig. 5) .
DISCUSSION
In this nationwide survey of surgical results from patients with MF-dominant ICC, we confirmed that a tumor cutoff size of 2 cm (and not 5 cm) in greatest dimension best differentiated the survival of patients. We observed that a cohort of patients who had ICC tumors 2 cm without lymph node metastasis had an extremely good prognosis (5-year survival rate, 90%), and the 5-year survival rate for patients without portal vein invasion was 100%. Although the multivariate analysis failed to identify tumor size as a significant prognostic factor for survival, patients who had ICC 2 cm without lymph node or vascular invasion could be categorized as stage I, which forecasts a very good prognosis. Second, major biliary invasion, ie, invasion of the first-order branch of the bile duct, was an independent and significant factor for a worse prognosis for the N0M0 patient cohort in multivariate analysis (hazard ratio, 2.939; P 5 .001). Major biliary invasion would have a close correlation with macroscopic periductal invasion, and the current results support the addition of periductal invasion in the T-classification according to the seventh edition of the UICC/AJCC system. However, further studies are warranted to pathologically define the concept of "periductal invasion," because it is originally a finding of the macroscopic ICC classification. 9, 14 In the UICC/AJCC seventh edition, tumor size was excluded from the T-classification, because univariate and multivariate analyses failed to confirm the prognostic impact of tumor size on the survival of patients with a cutoff value of 2 cm or 5 cm. 5 When the 2-cm cutoff size was used, the hazard ratio for death was 1.29 in the Western series 5 and 2.487 in the current study. The proportion of patients with 2-cm ICC was 11% in the Western series and 6.5% in the current study. The reason why the impact of a tumor size 2 cm differs in Western and Eastern countries is unclear; however, it is very difficult to detect ICCs 2 cm because of the lack of symptoms, and surveillance is important for patients who have hepatitis C virus or other hepatic disease. It will be meaningful to reconfirm that patients who have a solitary ICC measuring 2 cm without vascular invasion can enjoy a 5-year survival rate of 100% after surgical resection. We recently observed that major biliary invasion predicted patient survival and was an independent predictor of survival in multivariate analyses of 267 patients with N0M0 ICC. Periductal invasion is not defined in the classification system. 1, 11 In the AJCC/UICC seventh edition, patients with periductal invasion are classified as T4, but the overall survival of patients with T4 tumors appeared to be better than that of patients with T2b tumors (P 5 .053) (Fig. 4) . This reversed situation may be explained by the more powerful prognostic value of the number of tumors compared with major biliary invasion (Table 2) , and a microscopic definition of periductal invasion and adequate weighting of each prognostic factor are issues that remain to be resolved.
Major biliary invasion can be discussed with regard to the macroscopic MF 1 PI type of ICC. Among patients with MF-dominant ICC, the presence of periductal infiltration has been considered a sign of tumor invasion along the Glissonean sheath, thereby making it a prognostic factor for worse survival. However, there is some controversy regarding whether the prognosis for patients with the MF 1 PI type of ICC is worse than that for those with the MF type. Yamamoto et al first described worse survival for patients with the MF 1 PI type of ICC than for those with the MF type, 15 whereas a multicenter collective study using multivariate analysis demonstrated that macroscopic classification was not a prognostic factor. 7 In the current study, the macroscopic type of ICC had a close correlation not only with biliary invasion but (Table 2) . These results suggest strong confounding between macroscopic type and important histopathologic factors. Conversely, controversy remains regarding how to differentiate hilar bile duct cancer from ICC involving the hepatic hilum. In the current analysis, because major biliary invasion was identified as one of the important prognostic factors for patients with advanced ICC, the MF 1 PI type of ICC should be classified using the proposed staging system for ICC. This issue should be further discussed in the future.
The selection of appropriate factors for determining vascular or ductal invasion to complete the T-classification appears to be complicated. Among the 5 possible candidates constituting T-classification, portal vein invasion, hepatic vein invasion, arterial invasion, and serosal invasion are included in the fifth edition of the LCSGJ system; whereas vascular invasion, serosal invasion, and periductal invasion are included in the seventh edition of the AJCC TNM system. We examined all combinations of vascular, biliary, and serosal invasion and observed that the combination of portal vein invasion and major biliary invasion would be appropriate, because: 1) even in patients with tumors 2 cm, portal vein or biliary invasion can be observed in 18% and 26% of patients, respectively, so these occur more frequently than the remaining factors; 2) not only for all the entire 419-patient cohort but also for the 267-patient cohort with N0M0 disease, tumor numbers and major biliary invasion were significant factors predicting survival in univariate analysis; and 3) major biliary invasion may be predicted by imaging analysis as periductal invasion. Hepatic vein invasion or serosal invasion appeared to be less important for predicting survival; hence, these were excluded from the T-classification to simplify the staging system as much as possible. The prognostic influence of the 3 criteria in the new staging system may be unequal and inferior for predicting the survival of surgical patients compared with a precisely designed nomogram. 16 However, because a staging system must be simple, we adopted the style of the LCSGJ fifth edition. In addition, we included a tumor cutoff size of 2 cm in the criteria, because a tumor size 2 cm is an unambiguous condition, and patients with stage I ICC (a solitary tumor 2 cm without vascular or major biliary invasion) may have an excellent prognosis.
Patients who have ICC with lymph node metastasis may have a dismal prognosis, and surgical indications for patients with lymph node metastasis remain controversial. 17, 18 In the current study, no significant difference in survival was observed between patients with T1-T3N1M0 disease and those with T4N0M0 disease (MST, 16.6 vs 22.5 months; P 5 .95) or between patients with T4N1M0 disease and those with M1 disease (MST, 13.4 vs 4.2 months; P 5 .57). Therefore, patients with T1-T3N1M0 and T4N0M0 disease were grouped into stage IVA, whereas those with T4N1M0 and M1 disease were grouped into stage IVB (MST, 17.8 vs 12.3 months; P < .001). Stage IVB may suggest inoperable disease, which should be carefully assessed. Uenishi et al also divided patients with N1 disease into stages IVA and IVB according to T-classification based on results from a multicenter study that analyzed 233 patients from 9 institutions in Japan, 19 and our staging system endorses their proposal.
The major limitations of the current study include the fact that we customized the classification system for patients with MF-dominant ICC. Because the IG type of ICC is characterized by better survival compared with the MF and MF 1 PI types, 15, 20 some modification may be necessary for other minor macroscopic types of ICC, which account for approximately 15% of all ICCs. The second drawback of this study is the insufficient validation analysis. The new T-classification was validated using 198 of 337 patients (58.8%), and staging was validated in 134 patients (39.7%) because of a lack of clinicopathologic data. Although Tclassification defined by the new staging system demonstrated acceptable discrimination by tumor category, an I  T1N0M0  II  T2N0M0  III  T3N0M0  IVA  T4N0M0  T1-T3N1M0  IVB  T4N1M0  AnyTN0,N1M1 Abbreviations: b0-b2, no biliary invasion or minor biliary invasion within second-order branch of the bile duct; M, metastasis status; N, lymph node status; T, tumor classification; va0, no arterial invasion; vp0, no portal vein invasion.
international validation study will be required that includes a larger number of case series. The third problem is that the current staging system was based on the survival of patients who underwent surgical resection. The survival of patients who receive nonsurgical treatment, such as radiofrequency ablation, systemic chemotherapy, transcatheter arterial chemoembolization, and liver transplantation, should be covered by the staging system in the future.
CONCLUSION
In conclusion, the current nationwide study on the prognosis of patients with ICC revealed that a tumor cutoff size of 2 cm in greatest dimension well discriminates patient survival and that major biliary invasion and vascular invasion, represented by portal invasion, appear to be important prognostic factors for determining T-classification in the staging system. Patients with T1-T3N1M0 and T4N0M0 disease were included in stage IVA, whereas those with T4N1M0 and M1 disease were included in stage IVB. The results indicate that this new staging system would be useful in terms of assigning patients to surgery.
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